The main purpose of divertors in fusion devices is to control the exhaust of particles and convective heat from the plasma. The divertor concept used in Wendelstein7-X (W7-X) machine is a modular island divertor. The island chain isolates the confinement core from regions where the plasma-wall interaction takes place. The goal of the present study is based on the development of special magnetic configurations with extreme short and extreme long connection lengths. This will demonstrate the flexibility of the W7-X coil system and help to understand the impact of the connection length on the scrape off layer physics.
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Connection length (Lc) is the distance along B in the SOL between two points of contact with the solid surface. Low shear configurations have a wider island region and therefore the magnetic connection length has the potential to be longer at the cost of plasma volume. Therefore in W7-X, which is essentially a low shear machine, we can obtain long connection length over an order magnitude higher than the tokamaks of similar size. Large value of Lc subsequently increases the role of the cross-field transport and hence the power deposition on the divertor becomes broader and more spread out. This may result in wider strike lines on the divertor. W7-X uses 70 superconducting and 15 normal conducting coils for creating the magnetic field. 9 vacuum reference configurations (VRC) of W7-X were developed for divertor optimization. We present here a numerical study of achievable connection lengths for the 9 VRC of W7-X, focusing on the connection length at the positions where the divertor is in direct contact with plasma, also referred to as wetted area or strike line. For this study a field line tracer using the magnetic field obtained by solving Biot-Savart equation is used and is combined with a compound model based on 3D CAD data.
The average value of Lc was calculated and compared for all nine VRC. The configurations were further analysed on the basis of histograms showing the distribution of Lc for each configuration and also by studying the strike line patterns on the divertor plates and finally a new configuration was developed with particularly high values of connection length, which will also be discussed.
